In a previous paper* we described the resolution into optically active components of the prepared by Biltz, Heyn, and Bergius; these compounds are probably the simplest optically active spiranes which can be obtained and may therefore be regarded as the type case of optical activity associated with one particular kind of molecular configuration. We also adduced evi dence, based on the different rotatory dispersions shown by the optically active dihydantoins in absence and presence of alkali, indicating that these substances could assume three tautomeric forms. This work has now been extended to the study of the optically active 3: 7-dimethyl-5:pi>o-5: 5-dihydantoins and their acidyl derivatives and tetramethyl-5/?/>o-5: 5-dihydantoins. Tetramethyldihydantoin, which can only exist in the ketonic state, gives, in methyl alcohol, a rotatory dis persion curve of the simple form, with A0 = 2478 A, nearly congruent with that of the unsubstituted dihydantoin in alcoholic solution with A0 = 2453 A. This is a further indication that in neutral solvents and pyridine the dihydantoin has the ketonic form. The 3: 7-dimethyldihydantoin also shows normal rotatory dispersion in methyl alcohol and the curve, with X0 = 2381 A, is nearly congruent with those just quoted; it should therefore be of the ketonic form in neutral solvents. The initial rotatory power of this compound in dilute soda solution is only about one-seventh of that in alcohol; passage to a tautomeric enolic form is thus indicated. The specific rotatory power in soda solution rapidly falls, however, to -1-6° for A = 5461, a value which * ' Proc. Roy.
To an ice-cooled solution of anhydrous 5: 5-dihydantoin (0-7 gm) in dry acetone (30 cc) a slight excess of an ice-cold, ethereal solution of diazomethane (14 cc, containing about 0-4 gm) is slowly added, with shaking, when evolution of nitrogen occurs and the colour of the diazomethane is gradually destroyed. The solution soon becomes turbid and crystals of the dimethyl derivative begin to separate; these are collected after standing overnight (0-33 gm) and a further quantity (0-25 gm) is obtained on evaporation of the mother-liquor.
On recrystallization from alcohol the pure 3 : 7-dimethyl-/-jp/rodihydantoin (0 -4 gm) is obtained in small, colourless plates, which on rapid heating, soften at 300° and melt at 307-308° with decomposition. (Found: C = 39-7; H = 3-9%. C7H80 4N 4 requires C = 3 9 -6 ; H = 3-8%.)
The substance is sparingly soluble in ethyl alcohol, acetone, or water, somewhat more soluble in methyl alcohol, and practically insoluble in ether, benzene, chloroform, or ethyl acetate.
It That the substance obtained in this way is the 3: 7-dimethyl derivative is shown by the fact that it is identical with the dimethyl compound obtained by hydrolysis of the optically active 3: 7-dimethyl-1: 9-dibenzoyldihydantoin.
Action o f Sodium Hydroxide on 3: 7
It was intended to measure the rotatory dispersion of the dimethyl-/-dihydantoin in aqueous sodium hydroxide solution, but it was found that B 2 the rotation of the solution diminished fairly rapidly on standing, owing to hydrolysis of the dimethyl derivative with formation of 3: 8-dimethylallantoin.
A solution of the dimethyl-/-dihydantoin in aqueous sodium hydroxide (1 equivalent) gave, shortly after being made up, a|J61 = -0 • 70°, M5461 = -11-2°, the rotation becoming = -0-61° after 5 hours, -0-36° after 19 hours, -0-30° after 25 hours, and -0-10° after 68 hours, at which value it remained unchanged for several days. (1=6; c = l -0444 gm/100 cc.) Extrapolation indicates that in the soda solution the substance has an initial specific rotatory power of about -15-0°, a value far removed from that of -108° in aqueous solution; it is thus suggested, following the argument used in our earlier paper, that 3: 7-dimethyl-5pz>u-5: 5-dihydantoin passes to a tautomeric enolic form in soda solution. The final specific rotatory power observed in the soda solution is [<x]|261 = -1 -6°, and attempts were made to isolate the optically active substance to which this rotatory power is due. When the optically active solution in question was acidified with hydrochloric acid and evaporated somewhat on the water-bath, a colourless, crystalline product was obtained, which separated from alcohol, in which it was sparingly soluble, in clusters of thin, short needles (0-25 gm; theoretical 0-46 gm). The material had a neutral reaction and was optically inactive in aqueous solution; on rapid heating it melted at 222-223°, with de composition, to a pale yellow liquid, and on continued heating this darkened in colour and finally resolidified at 230-240° to a reddish crystalline material, which did not remelt on heating to 330°. The substance is evidently the 3 : 8-dimethylallantoin described by Biltz and his colleagues.* (Found: C = 38-4; H = 5-6%. C6H10O3N 4 requires C = 38-7; H = 5-4%.)
On warming a solution of the dimethyl-/-dihydantoin in one equivalent of aqueous caustic soda on the water-bath for a short time it becomes optically inactive and, after acidification and treatment as just above described, yields the same optically inactive 3: 8-dimethylallantoin.
It is thus shown that dimethyl-/-dihydantoin is hydrolysed by dilute caustic soda solution yielding 3: 8-dimethylallantoin; hydrolysis in the cold seems to leave the product in an optically active form in the solution but, on separation in the ordinary way or on warming the soda solution, racemization occurs. It was observed by Biltz and his co-workersf that the racemic dimethyldihydantoin undergoes hydrolysis in this way. The substance is readily soluble in acetone, chloroform, or ethyl acetate, moderately soluble in ether or benzene, rather sparingly soluble in ethyl or methyl alcohol and insoluble in water.
Methylation of the dibenzoyldihydantoin in absolute methyl alcohol solution yielded the same product.
3: 7-D/mcz/?>7-dl-spiro-5: 5-Dihydantoin
The crude dimethyl-dibenzoyl-<7/-dihydantoin (1-5 gm) is hydrolysed by warming with aqueous-alcoholic ammonium hydroxide on the waterbath for about half an hour. The resulting solution is acidified with hydrochloric acid and the crystalline product which is precipitated, recrystallized from alcohol, when the 3 : 7-dimethyl-<7/-dihydantoin (0-3 gm) is obtained in minute, colourless prisms, m.p. 297-298°. (Found: C = 39-5; H = 3-6%. C7H80 4N 4 requires C = 39-6; H = 3-8%.)
The identity of our product with that obtained by Biltz* proves the constitution assigned above to its optically active isomeride.
1: 9-Z)/aceZ>7-d-spiro-5: 5
This compound is obtained by the acetylation of the anhydrous ddihydantoin with acetic anhydride in pyridine solution (10%) as pre viously described for the laevo-isomeride, but it is now found that the acetylation proceeds satisfactorily when the mixture is allowed to stand for some time at room temperature. After removal of the solvents by distillation in vacuo, the product is isolated as previously described. We desire to express our thanks to Imperial Chemical Industries, Limited, for a grant defraying the cost of materials used in the above investigation.
Summary
The enantiomorphously related 3: 7-dimethyl-<7-and : 5-di hydantoins have been prepared, and it is shown that the /-isomeride has very different rotatory powers in alcoholic and dilute soda solution; this difference is attributed to tautomeric change from the ketonic to an * enolic form of constitution. In the soda solution hydrolysis occurs yielding the 3: 8-dimethylallantoin; this compound seems to be present in the solution in an optically active form, but becomes racemic during the process of isolation. The optically active tetramethyl-s/w'0-5: 5-di hydantoins have also been prepared.
The rotatory dispersions of the optically active 5: 5-dihydantoins, their 3: 7-dimethyl derivative, and the tetramethyl derivative in neutral solvents are normal and nearly congruent; it is concluded that these substances have the ketonic constitution in such solvents.
The non-occurrence of racemization during the introduction of methyl radicals into the optically active dihydantoin, and the insertion of acidyl radicals into and subsequent removal from the optically active dihydantoin ring, is indicative of great configurational stability.
